An experiment was conducted to test whether the magnitude of effects of heat shock on spermatozoal function were less for thermotolerant breeds (Brahman and other breeds with Brahman influence) than for breeds that evolved in northern Europe (Angus and Holstein). Frozen spermatozoa were thawed, purified by Percoll gradient centrifugation and incubated at 38.5, 41, or 42°C for 4 h. Sperm motility was then analyzed with a Hamilton Thorn Motility Analyzer. Heat shock reduced the percentage of sperm that were motile, mean track speed, and mean path velocity. There were no significant breed × temperature interactions for these traits. The mean frequency of tail beat tended to be reduced by heat shock in bulls of Brahman-influenced breeds and, to a lesser extent, in Brahman bulls, but it was not affected by heat shock in Angus or Holstein bulls. For no traits were there significant temperature × bull within breed interactions. Overall, results indicate that 1) heat shock reduces motility of bovine spermatozoa and 2) genetic effects are unlikely to be an important determinant of the function of ejaculated sperm following heat shock. (Key words: spermatozoa, heat shock, breed) Exposure of spermatozoa, oocytes, and early preimplantation embryos to elevated temperature (i.e., heat shock) can decrease cell survival and disrupt cellular function (4, 5, 8) . These actions of elevated temperature may be responsible for at least some of the decrease in fertility for dairy cattle exposed to heat stress (3, 10, 11). Brahman cattle are more resistant to the effects of heat stress on fertility than are some Bos taurus breeds-this difference in large part reflects the greater thermoregulatory ability of Brahman cows under heatstress conditions (13). However, genotype also affects cellular susceptibility to heat shock. For example, heat shock decreased incorporation of 
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DNA of cultured endometrium for tissue from Holstein cows but caused an increase for tissue from Brahman cows (7) . Also, heat shock caused a greater decrease in cell viability and proliferation for lymphocytes from Angus cows than for lymphocytes from Brahman or Senepol cows (6) . The cellular and molecular bases for breed differences in cellular responses to heat shock are not understood. There is no effect of breed on the magnitude of heat-induced synthesis of heat shock protein 70 (6) .
For the present study, we tested whether the magnitude of effects of heat shock on spermatozoal function were less for thermotolerant breeds (Brahman and other breeds with Brahman influence) than for breeds that evolved in northern Europe (Angus and Holstein). The goal was 1) to verify the deleterious effects of heat shock on sperm motility reported earlier (8) and 2) to test whether breed effects on cellular thermoresistance would be expressed in a cell (i.e., the spermatozoan) with a transcriptionally repressed nucleus and with reduced cytoplasm. Finding such a difference would indicate that sire genotype might be important for determining fertility in heat-stressed cattle and would suggest that breed effects on cellular resistance to heat shock involve mechanisms other than those associated with transcriptionally controlled protein synthesis or with amounts of a cytoplasmic thermoprotectant.
Frozen semen was obtained from American Breeders Service (De Forest, WI) from bulls of the Holstein (n = 5), Angus (n = 8), and Brahman (n = 7) breeds, and from seven bulls (n = 3 Brangus, 1 Santa Gertrudis, 1 Simbrah, 1 Beefmaster, and 1 Braford) of Brahmaninfluenced breeds (i.e., breeds formed from an admixture of B. taurus and B. indicus founder animals). Straws of semen were thawed rapidly in a 37°C water bath. For each replicate, a single straw was used for each bull. Sperm was purified by Percoll gradient centrifugation (9) by centrifuging the contents (2000 × g for 15 min at room temperature) of one straw of semen on a gradient of 3.0 ml of 45% Percoll layered over 3.0 ml of 90% Percoll with a 15-ml conical centrifuge tube. Sperm were resuspended to 200,000 cells/ml in Sperm-TALP (9); 1.5 ml-aliquants were pipetted into 15-ml conical centrifuge tubes, then incubated in one of three incubators: 38.5°C and 5% (vol/vol) CO 2 ; 41.0°C and 7% (vol/vol) CO 2 ; or 42.0°C and 9% (vol/vol) CO 2 . The carbon dioxide content of the chambers was varied to reflect the temperature dependence of CO 2 solubility in water and to ensure that the pH of the Sp-TALP medium was similar at all temperatures. After 4 h of incubation, sperm motility was determined with a Hamilton Thorn Motility Analyzer as described earlier (8) .
The experiment was replicated on 10 separate occasions with sperm from four bulls (i.e., one bull of each breed) for each replicate. A total of five to eight different bulls were analyzed for each breed and an individual bull was analyzed in 1 to 3 replicates. Data were analyzed by least-squares analysis of variance by the PROC GLM procedure of SAS (12) . The mathematical model consisted of effects of breed, bull(breed), temperature, temperature × breed, and temperature × bull(breed). Bull was considered as a random effect and other main effects were considered fixed. Effects of breed and temperature × breed were further separated into individual degree-of-freedom comparisons by using orthogonal contrasts (breed contrasts: Angus vs. Holstein; BrahJournal of Dairy Science Vol. 82, No. 12, 1999 man vs. Brahman influence; Angus + Holstein vs. Brahman + Brahman influence). Percentage data were analyzed after arcsine transformation. Probability values are presented from the analysis of transformed data while least-squares means ± standard error of the mean are derived from analyses of untransformed data.
As shown in Figure 1 , heat shock reduced the percentage of sperm that were motile (P < 0.05), mean track speed (P < 0.05), and mean path velocity (P < 0.05). The decline in indices of motility were similar at 41 and 42°C. The effect of heat shock on percentage motile sperm appeared to be less for Holstein bulls than for bulls of other breeds. However, there were no significant breed × temperature interactions for this trait, mean track speed, or mean path velocity.
Mean frequency of tail beat was not affected by the main effect of temperature but separation of the breed × treatment interaction into individual degree-of-freedom contrasts revealed a tendency (P = 0.08) for an interaction between the effect of temperature (38.5 vs. 41 + 42°C) and breed (Angus + Holstein vs. Brahman + Brahman influence). This interaction reflected the result that heat shock tended to reduce mean beat frequency in bulls from Brahman-influence breeds at 41 and 42°C and from Brahman bulls at 41°C, while not reducing mean beat frequency for Angus or Holstein bulls.
These data confirm the previous finding that heat shock reduces motility of bovine spermatozoa (8) . Thus, it is possible that spermatozoa placed within the reproductive tract of females experiencing hyperthermia of 41°C or higher could undergo damage caused by heat shock. Heat shock of cultured spermatozoa did not affect fertilization rate (8) but exposure of rabbit sperm to elevated temperature reduced developmental competence of embryos produced as a result of fertilization with these sperm (2) .
Spermatozoa are highly specialized cells characterized by, among other features, a highly condensed and transcriptionally inactive nucleus and a greatly reduced cytoplasm. The fact that genotype did not affect responses of sperm to heat shock implies that differences in cellular resistance to heat shock described with other cells (6, 7) likely involves either transcriptionally regulated processes or differences in the amount of some cytoplasmic thermoprotectant such as glutathione (1). It remains possible that sire is a determinant of fertility during heat stress because of its genetic contribution to the embryo, but present results indicate that sire is unlikely to be an important determinant of whether spermatozoa survive in the reproductive tract of the heat-stressed cow. 
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